CONTEXT. Environmental factors are suggested to play a major role in physical activity (PA) and other obesity-related behaviors, yet there is no national research on the relationship between disparity in access to recreational facilities and additional impact on PA and overweight patterns in US adolescents.
U NDERSTANDING THE CAUSES of health disparities is critical for improving health and reducing social inequality. Inequality in obesity and its underlying factors, in particular physical activity (PA) and inactivity, contribute greatly to health disparity. Minority and groups of low education are at highest risk for obesity and most other major noncommunicable diseases. 1, 2 Considerable research indicates that socioeconomic status (SES) at the neighborhood level is related to obesity, PA, and other health-related behaviors. [3] [4] [5] [6] [7] Moreover, limited research shows that access to community facilities is positively associated with PA levels. [8] [9] [10] [11] In fact, this area of research is being strongly encouraged by both the National Institutes of Health 12 and the RobertWood Johnson Foundation. 13 However, there are no population-level analyses on the relationship between SES and the distribution of recreational facilities. Furthermore, there are very few studies investigating the relationship between neighborhood facilities and PA and obesity patterns in large and diverse populations.
This study fills a critical gap by examining the potential role that the built environment might play in inequality of PA and obesity at the national level with a large, ethnically diverse sample of adolescents and exact measures of PA-related facilities. Understanding physical environment factors such as the possible inequitable distribution of such resources is important for public policy related to ameliorating health disparities. 14 
SUBJECTS AND METHODS

Survey Design
The study population consisted of Ͼ20 000 adolescents enrolled in Add Health, a longitudinal, nationally representative, school-based study of US adolescents in grades 7 to 12 that was supplemented with minority special samples and collected under protocols approved by the University of North Carolina Institutional Review Board. The primary sampling frame included a sample of 80 US high schools and 52 US middle schools with unequal probability of selection. The study design included systematic sampling methods and implicit stratification to ensure representation of US schools with respect to region of country, urbanicity, school size, school type, and ethnicity; the analyses account for cluster sampling. Confidentiality does not permit disclosure of the location of the Add Health communities.
Respondent-Location Data
All Add Health respondents had residential street addresses that were recorded at each interview. Residential street addresses were geocoded by a commercial geocoding services vendor, Geographic Data Technology (now TeleAtlas, Lebanon, New Hampshire). Respondent residences that could not be properly address-geocoded had their positions recorded by using global positioning system devices. Locations for wave I respondents were then assigned from the best available source in the following priority order: addresses geocoded with street segment match (N ϭ 17 119), addresses geocoded with global positioning system (N ϭ 3242), addresses geocoded with zip code ϩ 4 or zip code ϩ 2 centroid match (N ϭ 163), addresses geocoded with 5-digit zip-code centroid match (N ϭ 88), and addresses geocoded by the respondent's school location (N ϭ 133). For respondents with problematic wave I (1994 -1995) location data, wave II (1996) location information was substituted if the respondent information indicated that they had not moved. Two adjustments were made to the resulting data layer. The 163 respondents with residential locations Ͼ75 miles from their schools were presumed to be in error and were reassigned to their school locations. During data quality review of the respondent-location data layer, the respondent locations based on Geographic Data Technology address geocoding in 1 community seemed to be systematically offset from their correct locations when compared with digital orthophotography for the area. These respondent locations were adjusted to match the geography shown in the orthophotography by using a standardized Geographic Information Systems (GIS) "rubber-sheeting" operation. 15 An 8.05-km (5-mile) buffer was drawn around each respondent, on the basis of empirical evidence that this distance would likely capture relevant PA facilities. 16, 17 An 8.05-km buffer was built around each respondent (N ϭ 20 745), and then all were aggregated to create the full set of 42 857 census-block groups used in this study. In this study, the buffers were used for the sole purpose of generating the large sample of census-block groups that are described below.
Census-Block-Group Locations
The 8.05-km circular buffers for each respondent were combined to form an aggregated buffer data layer. A GIS polygon-on-polygon overlay combined the aggregate buffers and the census-block-group boundaries. All census-block groups in which a respondent residence was located, plus all census-block groups fully subsumed within the aggregate buffers, were included in the sample (N ϭ 42 857 census-block groups) except block groups that represented military/merchant ships. A GIS point-in-polygon overlay was performed to select all the PA facilities and resources located within these censusblock groups (Fig 1) .
Census Variables
Census variables (reported at the block-group level) were extracted from the 1990 Census of Population and Housing Summary Tape File 3A. A census-block group is the second-lowest-level geographic entity, generally containing between 300 and 3000 people. Variables included population density (total number of individuals in a block group divided by the block-group area reported in square miles), proportion of population with college degree or higher, and nonwhite (ethnic minority) proportion of the population. Education level of the census-block group is used as the primary indicator of SES, given empirical evidence of the greater connection between education and health outcomes than income 18, 19 and particularly given its association with PA. 20 
PA Facilities and Resources
A commercially purchased set of digitized business records recorded in a proprietary 4-digit extension to the 4-digit Standard Industrial Classification codes (SIC) were used. These detailed 8-digit SIC codes are identical to those used by the Census Bureau. Comprehensive retrospective data for time period of interest were used. The standard set of data used for addresses and linkage to facilities from commercial databases provides 6-digit SIC codes, which do not provide depth in categorization of facilities or accurate retrospective data (ie, most databases include only facilities that are currently in business).
A comprehensive list of 169 of the 8-digit SIC codes for PA facilities and resources was built. YMCA/YWCA facilities do not have unique SIC identifiers, so a textual query was developed to select them based on the facility name field in the database. The SIC code list, YMCA/ YWCA query, and zip codes encompassing the respondent 8.05-km buffers were sent to the commercial vendor. All records of interest matching the criteria and falling within the zip-code areas specified were returned along with facility names and street addresses contemporaneous to the wave I calendar year 1995. Facility locations were geocoded by using ESRI StreetMap 2000 1.1 (Environmental Systems Research Institute, Inc, Redlands, CA) (which uses street and address data from Geographic Data Technology), with an address-geocoding match rate of 85.9%. An additional 8.2% of the facilities were located by using latitude and longitude coordinates that were provided by the commercial vendor, yielding a total of 94.1% of the 71 286 records returned from the commercial vendor that were entered into the recreational-facilities GIS data layer.
Measures of recreational facilities were derived from the larger list of SIC resources. The SIC codes were summarized into a single measure of all facilities and subdivided into smaller categories of specific types of facilities, with some overlap between categories (eg, outdoor facilities and public facilities) ( Table 1) . 
Database Integration
Databases were aligned spatially and temporally (Fig 1) . The separate layers for respondents and schools and their respective 8.05-km buffers were combined with the layers containing census-block-group geography and zip-code polygons. Finally, the data layer representing PA facilities by SIC code was added. Because this is a national study, the GIS data layers were segmented into 11 Universal Transverse Mercator coordinate system zones by using North American Datum 1983 to prevent introducing the geographic distortions present in a single-map projection and coordinate system spanning the country.
Moderate-Vigorous PA
The wave I questionnaire included a standard PA-behavior recall 8, 21 that is similar to other self-report questionnaires that have been used and validated in other largescale epidemiologic studies. [22] [23] [24] [25] Information was elicited on participation in moderate-vigorous PA (MVPA) (5-8 metabolic equivalents (METs); skating and cycling, exercise, and active sports) in the previous week. One MET is defined as the energy expenditure associated with quiet sitting. The Add Health PA questions were worded as such, "During the past week, how many times did you…" followed by a listing of activities such as walking, basketball, softball, and so forth, allowing calculation of frequency (bouts) of specified activities per week by MET value. A binary variable was created to represent whether the respondent achieved Ն5 bouts of MVPA per week. Those with missing data were excluded.
Body Mass
Height and weight were self-reported in wave I during in-home surveys, and overweight status was defined as a BMI Ն95th percentile of age-and gender-specific cut points from the 2000 Centers for Disease Control and Prevention (CDC)/National Center for Health Statistics (NCHS) growth charts. 26 Those with missing data were excluded.
Given
Statistical Analysis
This is a descriptive ecological study investigating the association between block-group-level sociodemographic factors and availability of PA and recreational facilities. In addition, the association between community PA and recreational facilities and individual-level PA and overweight was assessed. Statistical analyses were conducted by using Stata 8.2. 28 Three sets of logistic-regression models were run at 2 distinct levels (national and individual): (1) population-level models that tested the relative odds of having Ն1 of various types of recreational facilities by census-level education status, controlling for the proportion of the census-level population of nonwhite ethnicities (N ϭ 42 187; 651 were missing block-group education and minority data, and 19 were missing block-group education data); (2) interactive population-level models (minority census-level population ϫ census-level education status) that tested the relative odds of having Ն1 recreational facility per block group at combined levels of census-level education and minority population (N ϭ 42 187); and (3) individual-level analyses that assessed the association between number of facilities within an individuals' residential block group and relative odds of overweight (BMI Ն95th percentile of the CDC/NCHS growth curves; N ϭ 17 950) and high MVPA (Ն5 bouts of MVPA per week; N ϭ 18 413). To retain comparability of our research with other disparity-related research, this analysis maintains the census-block-group definition of neighborhood for the individual-level analyses. Individual-level models assessed only the census-block group in which the individual resided. No analyses were made at the buffer level in this study. All models controlled for population density within the block group.
The widely accepted series of Stata survey procedures were used to correct SEs for multiple stages of cluster sample design in models predicting the likelihood of overweight and PA.
RESULTS
The study area comprised 42 857 census-block groups (summary statistics are reported in Table 2 ). The sample represents a wide variety of demographic characteristics.
Census-block groups with a higher proportion of college-(or greater) educated populations were significantly more likely to have a wide variety of PA facilities compared with less-advantaged block groups (Fig 2) . The relative odds of having at least 1 facility also decreased as minority population increased. The relative odds of having at least 1 PA facility was significant for all types of facilities (odds ratio [OR]: 2.18; 95% confidence There was a significant interaction of proportion of the population with college education and of highminority population on all facilities and instructional facilities. The interactive effect of living in a highereducated-and low-minority-population block group was examined across all facilities, and results are presented for the summary facility measure (Table 3) . Individuals living in high-minority and low-educated block groups were half as likely (OR: 0.54; 95% CI: 0.51-0.58) as those in low-minority, higher-educated block groups to have at least 1 PA facility. It is notable that in block groups with highly educated populations, the relative odds of having a PA facility did not differ across various proportions of minority population. However, among low-educated groups, a greater percent minority population was associated with fewer facilities.
Individual level analyses were run to predict the relative odds of overweight and engaging in healthy levels of MVPA, with increasing numbers of PA facilities per block group (Table 4) . Relative odds of overweight declined with increasing number of PA facilities per block group. Having just 1 PA facility per block group was associated with a 5% decrease in the relative odds of overweight relative to having no such facilities (OR: 0.95; 95% CI: 0.90 -0.99; P ϭ .018). Similarly, the relative odds of achieving Ն5 bouts of MVPA per week increased with each additional PA facility per block group. Having just 1 PA facility was associated with an increased relative odds of engaging in Ն5 bouts of MVPA per week by 3% relative to having no such facilities (OR: 1.03; 95% CI: 1.01-1.06; P ϭ .009). Individuals who lived in census-block groups with 7 PA facilities were 32% less likely to be overweight and 26% more likely to be highly active than those who lived in block groups with no PA facilities.
DISCUSSION
This nationally representative study of Ͼ20 000 adolescents and 19% of all US census-block groups provides the first empirical evidence to suggest that all major categories of PA-related resources are distributed inequitably, with high-minority, low-educated neighborhoods at a strong disadvantage. In addition, this inequitable distribution is significantly associated with subsequent disparities in health-related behaviors and obesity measured at the individual level. Presence of a PA facility in a block group is associated with an increased likelihood of engaging in Ն5 bouts of MVPA per week and a decreased relative odds of overweight. In addition, there is a significant beneficial effect linked with each additional PA facility.
Of particular relevance is the fact that, in addition to all facilities showing inequitable distribution by sociodemographic characteristics, categories of facilities that were expected to be distributed equitably (eg, public facilities, youth organizations, parks, YMCAs, and schools) were actually distributed inequitably. Ethnic minorities and those of lower education are at the highest risk for lack of PA and recreational facilities. These findings, coupled with the association between the availability of these resources at the block-group level and the increased likelihood of engaging in PA and the decreased relative odds of overweight status, suggest that inequality in the built environment might underlie important ethnic and sociodemographic health disparities.
Three recent review articles conclude that environmental factors, measured either objectively or perceptively, are consistently related to PA. [29] [30] [31] Objective and perceived access to facilities and opportunities to exercise are consistent predictors of PA in smaller regional studies. 11, [32] [33] [34] One study in a small mid-Western US city shows some association between distribution of facilities and sociodemographic factors. 35 A larger study in Atlanta, GA, 7 and another using national data at the county and metropolitan level 7 show an association between the built environment and BMI and PA. Future work needs to determine which specific types of environmental changes are likely to impact PA and obesity, which at present is unknown. 30 The association between SES and PA, independent of race/ethnicity, has been shown in a variety of popula- tions. 11, 36 Although some have suggested that lower-SES communities are located in denser commercial space and therefore have access to more facilities, 11,37 our research at the national level suggests that this access to commercial space may not translate into access to a variety of recreational facilities across diverse settings. The vast geographic coverage of these national data provide a rare opportunity to examine these relationships at a national level that had not yet been examined. This cross-sectional ecological study shows crude associations between census-block-level sociodemographics and availability of PA and recreational facilities and advance the association between these facilities and individual-level behaviors. These findings have important policy and intervention implications and emphasize the connection between the built environment and health outcomes.
Although this study investigates the availability of PA and recreational facilities across census-block groups, availability is just one dimension that should be addressed. Affordability, quality, and accessibility, as well as availability, are important. Nonetheless, this study shows that availability alone is associated with a significant increase in bouts of PA and decreased overweight. This is a cross-sectional study, and as such it is impossible to demonstrate that recreational facilities have been distributed inequitably over time. Other factors in the built environment might equally impact obesity and obesity-related behaviors. Some work suggests a similar relationship between inequitable distribution of grocery stores by SES and race/ethnicity, 38, 39 and these factors are not considered in the present study. Our future work will delve deeper into measures of the built environment that were not captured in this study (eg, neighborhood walkability, land use, community design) at the individual, as opposed to the ecological, level.
These findings suggest that a wide range of US PA and recreational facilities may be distributed inequitably by ethnicity and SES, with additional association with individual-level behaviors. It is imperative that intervention efforts address the disparities in access to facilities and the relationship between the built environment and obesity and PA. Increasing the availability of PA and recreational facilities in underserved communities may be a profitable strategy for increasing PA and decreasing overweight at a population level.
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